Linguliform brachiopods were important components of early Cambrian benthic communities. However, exception− ally preserved soft parts in Cambrian linguliform brachiopods are extremely sparse, and the most important findings are from the early Cambrian Chengjiang Konservat Lagerstätte of Kunming, southern China. Here we describe the first record of preserved soft−part anatomy in a linguliform brachiopod from the early Cambrian Guanshan fauna (Wulong− qing Formation, Palaeolenus Zone); a unit which is considerably younger than the Chengjiang fauna. The well pre− served soft anatomy include linguliform pedicles, marginal setae and, in a few cases, an intact lophophore imprint. The pedicle has pronounced surface annulations, with its proximal−most part enclosing the apex of the ventral pseudo− interarea; the pedicle is up to 51 mm long, corresponding to more than 4 times the sagittal length of the shell, and 12% of the maximum valve width. In details of their preservation, these new fossils exhibit striking similarities with the linguliforms from the older Chengjiang fauna, and all specimens are preserved in a compressed state as flattened im− pressions. The new linguliform has an elongate oval to subtriangular shell and an elongate triangular ventral pseudointerarea; the pedicle emerged from an apical foramen through a poorly preserved internal pedicle tube. The new linguliform is most similar to the mostly organic−shelled siphonotretoid−like brachiopod Acanthotretella spinosa, recently described from the classic middle Cambrian Burgess Shale Konservat Lagerstätte, British Columbia, Canada. The new species Acanthotretella decaius sp. nov. is described; it differs from A. spinosa in having a slightly thicker pedicle, and a larger and more rigid, probably partly mineralised shell, indicating that the mostly organic shell of A. spinosa may represent a secondary reduction of shell mineralisation. However, the spine−like setae of the new species are unfortunately poorly preserved only at the margin of the shell, but the new species is referred tentatively to the Superfamily Siphonotretoidea. The occurrence of A. decaius in the Guanshan fauna is the first lower Cambrian (Series 2, early Stage 4) record of both Acanthotretella and siphonotretoids, and it represents the first description of a lopho− phore and digestive tract from the siphonotretoid lineage.
Introduction
Brachiopods are solitary marine coelomates with their soft body enclosed by a bivalved shell, which is composed of ei− ther calcium phosphate or calcium carbonate. This group of benthic animals made their first appearance in the lower− most Cambrian Popov et al. 1996) , and became an important component of marine com− munities during the early Paleozoic. Although fossil brachi− opods in the Palaeozoic era are common and abundant, most of them are known exclusively from their shell, as soft parts are exceptionally preserved only in Konservat Lager− stätten, most notably the lower Cambrian Chengjiang de− posits (Luo et al. 1999; Zhang et al. 2008 Zhang et al. , 2009 Zhang et al. , 2010 and references therein) and the middle Cambrian Burgess Shale (e.g., Holmer and Caron 2006; Pettersson Stolk et al. 2010) . Such remarkable occurrences provide unique insights into the body plan and palaeoecology of early brachiopods that are not available from the study of shells alone ( Jin et al. 1993; Zhang et al. 2003 Zhang et al. , 2004a Zhang et al. , b, 2005 Zhang et al. , 2006 Zhang et al. , 2007a Zhang et al. , b, c, 2008 Zhang et al. , 2009 Zhang et al. , 2010 Holmer and Caron 2006; Pettersson Stolk et al. 2010 ).
Recent geological survey of the Yangtze Platform of South China has led to the discovery of further fossil locali− ties, where brachiopods with exceptional preservation of soft anatomy occur (Zhang and Hua 2005; Luo et al. 2008; Zhang et al. 2008) . In this paper, we describe the first record of ex− ceptional preservation in a linguliform brachiopod from the early Cambrian Guanshan fauna. The Guanshan fauna, al− though less well known and overshadowed by the older comprovincial Chengjiang fauna (Hou et al. 2004) , still rep− resents a very significant Burgess Shale−type Lagerstätte. The Guanshan fauna comes from the Wulongqing Formation (Canglangpuian Stage), which is widely exposed around the Kunming−Wuding and Malong−Yiliang areas, Yunnan Prov− ince (Luo et al. 1999 . The faunal assemblages are nu− merically dominated by abundant trilobites (see Luo et al. 2008) , and an assortment of non−mineralised Burgess Shale− type fossils of soft−bodied organisms including some eocri− noids (Hu et al. 2007) , Vetulicola (Luo et al. 2005) , palaeo− scolecid worms , chancelloriids, anomalo− caridids, sponges, bradoriids, Tuzoia, Isoxys, and other bi− valved arthropods and references therein; Liu et al. 2006) , as well as a moderately diverse brachiopod fauna (also see Luo et al. 2008: pls. 33-35) . The brachiopods comprise Diandongia pista (Rong 1974) , Lingulellotreta malongensis (Rong 1974; Holmer et al. 1997) , abundant Heliomedusa−like fossils (Luo et al. 2008: pl. 35: 9-12) , some small−sized acrotheloid and acrotretoid brachiopods (ZZ unpublished data), as well as the new linguliform brachi− opod Acanthotretella decaius described herein. Acantho− tretella decaius is the first brachiopod from the Guanshan fauna with exceptionally preserved soft parts, and it shows a comparable preservation as that found in the Chengjiang brachiopods (Zhang et al. 2004a (Zhang et al. , 2007a (Zhang et al. , 2008 , includ− ing the fine preservation of the pedicle, setal fringes, and im− prints of the lophophore. The genus Acanthotretella is other− wise only known from the middle Cambrain (Series 3) Bur− gess Shale (Holmer and Caron 2006) and, due to its unusual combination of characters including an apparently only weakly mineralised shell and shell−penetrating spines or setae, plays a potentially crucial role in deciphering character transformations along the stem−crown transition among lin− guliforms, particularly siphonotretids. The new discovery of exceptionally preserved A. decaius from the Guanshan fauna extend the occurrence of this taxon back to Series 2 and pro− vides further insights into the morphology and ecology of this probably basal brachiopod.
Institutional abbreviations.-GKG, Yunnan Institute of Geo− logical Sciences, Kunming, China; NWU, Northwest Univer− sity, Xi'an, China. 
Materials and methods
A total of 20 individuals in 16 specimens of Acanthotretella decaius were collected from the lower Cambrian Wulong− qing Formation of Gaoloufang section at Guangwei Village in Kunming of Yunnan Province (Fig. 1) . Of them, 12 indi− viduals have well−preserved pedicle impressions (e.g., Figs. 2A-D, F, 3A-D) while seven are provided with some pre− served setal fringes around the shell margin ( Fig. 2D-F) . Two specimens preserve paired lophophore imprints; only one is illustrated here (Fig. 2B, C) and the other omitted be− cause of somewhat weak preservation. In addition, another two specimens show U−shaped digestive tracts (Fig. 3C, D (Luo et al. 1994 (Luo et al. , 1999 . Acanthotretella decaius are commonly preserved as reddish−brown impressions or grayish films of shell valves with flattened reddish impression of pedicles, in striking color contrast to the surrounding fine−grained matrix, which is deeply weathered to yellowish green. The shells of A. decaius are invariably strongly compressed parallel to the bedding plane, and most shells appear to be flattened into a thin film so that the two valves are indistinguishable from each other. The elongate pedicle is also strongly compressed, and preserved as a reddish impression. Judging from the ex− cellent preservation of the pedicles, and also from the fact that the distal part of the pedicle commonly is obliquely ori− ented, and cutting through several bedding planes, it is rea− sonable to suggest that these animals could have been buried alive in situ or transported only a short distance, as has been suggested for the Chengjiang lingulids (Jin et al. 1991; . It is thus assumed that the specimens might have been entombed alive, possibly as a result of storm−induced burial (Hu et al. 2009 ). The specimens are deposited in the Yunnan Institute of Geological Sciences. They were examined and observed un− der an Olympus Zoom Stereo Microscope, at the Early Life Institute, Northwest University, Xian, and photographed with a Nikon Camera mounted on a photomicrographic system with different illuminations for particular views when high contrast images were required. Measurements were made di− rectly with a millimeter ruler. The photographs were first pro− cessed under PhotoShop 7.0 and edited and organised together in CorelDraw 9.0 and finally converted to TIF format.
Systematic palaeontology
Phylum Brachiopoda Duméril, 1806 Subphylum Linguliformea Williams, Carlson, Brunton, Holmer, and Popov, 1996 Class Lingulata Gorjansky and Popov, 1985 ?Order Siphonotretida Kuhn, 1949 Remarks.-The presence of hollow spines has been consid− ered to represent the most important unique character of the Order Siphonotretida (Holmer and Popov 2000) . However, Williams et al. (2004) showed that some of the oldest well− established siphonotretides from the upper middle Cambrian are completely imperforated, whilst other Cambrian-Ordovi− cian siphonotretides are perforated, but lack spines. Recently, Holmer and Caron (2006) described a soft−shelled siphono− tretide−like brachiopod, Acanthotretella spinosa from the mid− dle Cambrian Burgess Shale, whose shell surface is covered by long and slender "spine"−like setae. The setal spines may be considered as potentially homologous with the inferred non− mineralised structures that would emerge from the pores of the siphonotretides Helmersenia and Gorchakovia (Williams et al. 2004) , and they can also be compared closely with the ex− ceptionally preserved setal structures emerging from stunted spines in siphonotretides from Iran (Popov et al. 2009 ). How− ever, Acanthotretella was originally referred to the "stem group Brachiopoda" in view of the lack of a mineralised shell and enigmatic combination of characters. The new older re− cord of an Acanthotretella with a better−preserved and possi− bly more mineralised shell could indicate that the "soft− shelled" nature of the middle Cambrian A. spinosa might be a secondary loss; however, it is also possible that this is due to differences in preservation between Guanshan and the Bur− gess Shale faunas. Here we provisionally assign Acantho− tretella to the Siphonotretida in view of the presence of a small circular apical foramen, internal pedicle tube and an elongate, large subtriangular pseudointerarea lacking flexure lines, which is also typical of the Siphonotretida.
?Superfamily Siphonotretoidea Kutorga, 1848 Genus Acanthotretella Holmer and Caron, 2006 Type species: Acanthotretella spinosa Holmer and Caron, 2006 . Fossil ridge between Wapta Mountain and Mount Field; Emerald Oncolite Shale Member and Walcott Quarry Shale Member (Greater Phyllopod bed), Burgess Formation. Emended diagnosis.-Shell mostly organic with variable amount of phosphatic mineral component, inequivalved, biconvex or ventri−bi− convex; ventral valve probably apsacline, with elongate and thin pedicle with a central coelomic region, emerging through a short tube with a small circular apical foramen; ventral pseudointerarea elongate, trian− gular or V−shaped, extending posteriorly far beyond the hinge line; setae variably developed elongate, spine−like; visceral region of both valves, short, triangular, not extending to mid−valve.
Remarks.-As mentioned above, the genus Acanthotretella was first described from the Burgess Shale. The shell valves were strongly flattened and evidently torn apart in some specimens. Exterior of both valves was covered by long, spine−like and shell−penetrating setae. By contrast, the new material dealt with here exhibits an invariable shell contour, which might imply a higher degree of shell mineralisation. But this proposal is uncertain because of the difference in preservation between the Burgess Shale and Guanshan fauna. In the new Chinese specimen there is convincing evi− dence of spine−like setae comparable to those seen in the Ca− nadian species (Holmer and Caron 2006) . However, the pedicle differ somewhat between Burgess Shale and Guan− shan species: it could be tightly folded and was thus more flexible in the middle Cambrian Acanthotretella.
Acanthotretella decaius sp. nov. Material.-Holotype plus GKG CA−001AB with marginal setae and pedicle ( Fig 2D) ; GKG CA−002AB with setal re− mains ( Fig 2E) ; GKG CA−003AB with setal fringes and pedicle ( Fig 3F) ; GKG CA−004AB; GKG CA−005AB; GKG CA−006, a juvenile with some setal fringes and pedicle; GKG CA−008AB with fine preservation of lophophore and coelomic pedicle (Fig. 2B, C) ; GKG CA−009; GKG CA−010, a distorted specimen with proximal pedicle; GKG CA−011 and 012, shell valves, GKG CA−013AB with 4 individuals, of them 2 with setae and pedicles; GKG CA−014 with 2 indi− viduals with preserved pedicle. Also, two of these individu− als have a partially preserved gut, while the other shows faint lophophore imprints; GKG CA−015 with setal remains and a pedicle; GKG CA−016 with pedicle and inferred muscular scars. Diagnosis.-Shell large with minor phosphatic mineralisa− tion; surface with thin concentric fila; maximum width ante− rior of mid−valve; ventral pseudointerarea well developed, oc− cupying about 1/3 of the sagittal valve length, probably apsa− cline lacking distinct flexure lines; elongate and thin pedicle, corresponding to around 15% of the maximum width of the shell; visceral areas of both valves, short, triangular, approxi− mately extending anteriorly to 1/4 of dorsal valve length, and 1/3 of the sagittal ventral valve length. Measurements.-See Table 1 . Description.-Shell biconvex and tear−shaped to sub−triangu− lar in outline; the maximum sagittal length is 14 mm and the maximum width is 11.5 mm, at about the anterior third of shell length in one specimen. The ratio of shell length to width ranges from 1.22-1.67 (on average 1.38; see Table 1 for de− tails of dimensions below). The ventral pseudointerarea is well developed, apsacline, occupying 37.7% of the sagittal length of the ventral valve, and 65.3% of shell width; the ventral pseudointerarea has a somewhat wide acute angle varying be− tween 60-75°. The ornamentation consists of thin concentric growth lines (Figs. 2B 1 , C 1 , 3A, B) , delineated by slender red− dish fila. The concentric fila are so faint that they could be di− rectly discerned exclusively on the anterolateral portion of some specimens (Fig. 2B 1 , C 1 ) . The ventral pseudointerarea is compressed as a triangular, flattened plate with reddish−brown tints. No flexure lines and transverse striations can be ob− served on the surface of the ventral pseudointerarea.
The setae of Acanthotretella decaius are most frequently preserved along the anterior and anterolateral margins (Fig.  2B-F) , and poorly exposed in the posterior parts of the valves. Setae are preserved as reddish, delicate linear fringes or tints. In one specimen, the setae seemingly emerge upright to the anterior shell margin (Fig. 2D 1 , D line (tiled arrows) and the pedicle bending steeply downward into the sediment; note the paired lophophore imprints inside shell valves (simple arrows) and a longitudinal coelomic lumen in pedicle (circled arrows); details of the pedicle lumen (simple arrows) (B 2 ). orly along the lateral margins (Fig. 2D 3 ) . The maximum setal length is 1.2 mm and they are about 80 μm thick. A total of 12 individuals with the pedicle preserved were found. The pedicles vary in length and width between differ− ent specimens, but the pedicle is never preserved in its entire length. The observable maximum length of the pedicle is about 52 mm, which is more than 4 times the sagittal maxi− mum length of the shell ( Fig. 2A 1 ) . The maximum width of the pedicles ranges between 0.6-1.5 mm, corresponding to an average of 15% of the maximum width of the shell. In the type specimen ( Fig. 2A) , the pedicle surface is ornamented with pronounced annulated rings, disposed at intervals of about 0.2 mm ( Fig. 2A 3 , A 4 ) . However, no surface ornament could be recognised in the other specimens, probably due to preservational factors. In the centre of the pedicle (Fig. 2B 1 ) , there is a dark longitudinal lineation, extending from the proximal to the distal part of the pedicle (Fig. 2B 2 ) . It is here interpreted as the coelom of the pedicle. A terminal pedicle bulb, like that found in Lingulelltreta malongensis fig. 3O ), is lacking and there is no direct evidence for benthic shell anchorage as seen in the Chengjiang taxa Longtancunella and Xianshanella (Zhang et al. 2006 (Zhang et al. , 2007c 2008, 2009) which could be due to the fact that no pedicle is preserved in its full length. The pedicles invariably arise from the circular foramen at the apex of the ventral valve, with the proximal pedicle end enclosing the tip of the ventral pseudointerarea. Nevertheless, at the posterior part of speci− men GKG CA−002B, there is an inferred medial lineation, which is taken to represent a possible internal pedicle tube (Figs. 2E, 3B ). The internal pedicle tube extends through a possible narrow external tube (Figs. 2E and 5), which is con− tinuous with the coelomic lumen. In most cases, the pedicles are preserved as flattened impressions, parallel to the bed− ding plane or slightly bending into the sediments ( Fig. 2A 1 ) . By contrast, in specimen GKG CA−001 (Fig. 2D 1 ) , the pedicle appear to be relatively more steeply inserted into the sediments. This type of preservation may demonstrate that the brachiopod was buried in situ.
As seen in Fig. 2B 1 , C the lophophore organisation of Acanthotretella decaius is only preserved in two slightly anterolaterally compressed specimens. It is represented by a pair of darkish imprints, extending from the antero−medial position of the visceral region, and then coils inward sym− metrically about the valve midline (Figs. 2B 1 , 2C, 4A ). The mouth is presumed to be located at the base of the lopho− phore (Fig. 4A) The visceral region forms a sub−triangular section ( Fig.  2A 1 , A 2 ) , with an anterodorsal projection located in a postero− medial position of the dorsal valve. The projection does not extend to midlength of the ventral valve, and it reaches to ap− proximately the posterior 1/3 of the dorsal valve length. There are no clearly defined muscle scars in any of the specimens and this absence has also been noted from the Chengjiang lingulids (Jin et al. 1993) . Nevertheless, the digestive tract of A. decaius could be evidently detected in two specimens (Fig.  3C, D) , where it forms a faint U−shaped tube with some relief, approximately 1 mm beyond the hinge line (Fig. 4C, D) ; the digestive tract is closely similar to that described from the Chengjiang lingulids (Zhang et al. 2004a (Zhang et al. , 2006 (Zhang et al. , 2007a Balthasar and Butterfield 2009 ).
Discussion and comparison
Shell morphology.-The flattened tear−shaped shell of Acanthotretella decaius is similar to both Lingulella cheng− jiangensis and Lingulellotreta malongensis from the Cheng− jiang fauna, as well as Acanthotretella spinosa and Lin− gulella waptaensis from the classic Burgess Shale fauna. The most remarkable aspect of A. decaius is the significantly larger size, attaining a maximum length of 14 mm (average 11.25 mm, see Table 1 ). Additionally, A. decaius has an elongate ventral pseudointerarea, extending far beyond the hinge line, whilst Lingulella chengjiangensis and Lingulella waptaensis have a short, triangular ventral linguloid pseudo− interarea. This unique ventral pseudointerarea demonstrates that the Guanshan linguliform does not belong to Lingulella. Moreover, unlike species of Lingulella, the shell of the Guanshan linguliform was relatively thin and flexible, and although the shells are strongly compressed, they exhibit no brittle breakage and fractured deformation like that exhibited in L. waptaensis (Pettersson Stolk et al. 2010) . By contrast, some brittle fractures or ruptures are distinctly exhibited in some calcareous−shelled and acrotheloid brachiopods from the Chengjiang fauna (Zhang et al. 2007b (Zhang et al. , 2010 and also discerned in some botsfordiid brachiopods from the Guan− shan deposits (ZZ unpublished data).
The elongate shape of the ventral pseudointerarea ( Figs thotretella decaius which makes it unlikely that the Guan− shan linguliform belongs within the family Lingulellotre− tidae. The gross shell outline and the morphology of the ven− tral pseudointerarea, with an apical foramen suggest a close phylogenetic affinity with the enigmatic brachiopod A. spi− nosa, recently described from the Burgess Shale fauna. More importantly, the close affinity to Acanthotretella is also sup− ported by the similar apical angle of the ventral pseudo− interarea and the relative size of the ventral pseudointerarea compared to the total shell dimensions (see Table 1 ). More− over, the linguliform described here is similar to the Cana− dian form in that both of them have a small visceral area close to the hinge line, and bear an inferred interior pedicle tube, from which the pedicle emerges. Although no well−defined evidence of spine−like setae covering the shell surface is found in A. decaius, the brittleness and oblique extension of the setae away from the margin of the valve also support the assignment of these fossils to Acanthotretella. It is possible that the differences in setae morphology are due to preser− vational differences. The new Chinese species can be di− rectly differentiated from the Canadian A. spinosa by its larger size, longer ventral pseudointerarea and the evidence for stable shell outline, probably implying a more strongly mineralised shell. The Guanshan linguliform is therefore re− cognised as a new species of Acanthotretella. In addition, it should be mentioned that the fossils dis− cussed here bear a general resemblance to Lingulosacculus nuda recently described from the early Cambrian Mural For− mation of western Alberta (Balthasar and Butterfield 2009 ). However, Lingulosacculus differs from the Chinese form, primarily in that the shell of L. nuda is even larger and has a pronounced long pocket−shaped ventral pseudointerarea with a more acute apical angle (ca. 30°). Furthermore, there is compelling evidence for identifying Lingulosacculus as a member of the Lingulellotretidae, within the Order Lingulida (Balthasar and Butterfield 2009) . Soft−part anatomy.-Acanthotretella was previously only known from the Burgess Shale. The discovery of Acantho− tretella decaius from the lower Cambrian (Series 2, Stage 4) Wulongqing Formation (Guanshan Fauna) represents a sig− nificant extension of their geological range of this enigmatic brachiopod. The fossils described here provide the oldest di− rect evidence of the disposition of the lophophore and diges− tive tract in Acanthotretella, here assigned to the class Sip− honotretida.
In most specimens of Acanthotretella decaius, the pedicle is straight or gently arched, and in the type specimen (GKG CA−007; Fig. 2A 3 ) the middle part of the pedicle only exhibits a gentle S−shaped contortion. This type of straight pedicle shapes are distinctly different from those exhibited in the Bur− gess Shale specimens of Acanthotretella spinosa and Lingu− lella waptaensis, where the pedicle may be tightly folded and even self−entangled (Holmer and Caron 2006 ) (see also above). Moreover, the pedicle of A. decaius is relatively thick as compared with that of A. spinosa and L. waptaensis. Table 1 .
Setae represent another of the most commonly preserved soft parts in Burgess shale−type preservation of brachiopods ( Zhang et al. , 2006 ( Zhang et al. , 2007b ( Zhang et al. , c, 2008 ( Zhang et al. , 2009 Holmer and Caron 2006; Pettersson Stolk et al. 2010 ). As mentioned above, the setae of Acanthotretella decaius are also pre− served in 7 specimens (Fig. 2B-F) . Most frequently, they oc− cur along the anterior and anterolateral margins, and are poorly exposed in the posterior parts of the valves. Despite this, the overall morphology of the setae and their preserva− tion suggest some kind of brittleness. With respect to the preservation and arrangement along the mantle edge, the setae of A. decaius are different from those seen in Lingulel− lotreta malongensis and Lingulella chengjiangensis (see also below) which are short and equidistantly distributed along the shell valve (see fig. 2D-G) .
Autoecology.-Whilst it is clear that the shapes and ornamen− tation of linguliform shells are important sources of clues in trying to reconstruct brachiopod palaeoecology (e.g., Savazzi 1986; Holmer 1989 Holmer , 1991 , reports of soft−tissue preservations are an indispensable component in elucidating the lifestyle of brachiopods (Zhang et al. 2004a (Zhang et al. , 2008 . The linguli− form described herein exhibits a subcircular shell shape and a long and slender pedicle, more than 4 times as long as the shell. Like the Chengjiang Lingulella chengjiangensis and Lingulellotreta malongensis (Zhang et al. 2004a , the new Guanshan species also have a small, posteriorly placed visceral cavity, which would preclude development of wide− spread muscle insertions, a necessary prerequisite for mobility of the valves, and it is thus unlikely to have had a burrowing mode of life similar to that of Recent lingulid species (e.g., Thayer and Steele−Petrovic 1975) . It is most likely to have had an epifaunal lifestyle with the valves suspended above the sea floor to avoid turbulence at the sediment−water boundary. An epifaual life mode is also endorsed by the preservational mode of the Guanshan linguliforms. The valves and the main part of the pedicles are invariably preserved inside the homogeneous muddy sediments, possibly as a result of storm−induced burial (Babcock and Zhang 2001) . Although the pedicles of Acan− thotretella decaius do not extend parallel to the same bedding planes as the valves, but bend slightly or steeply downward into the event−related sediment (Fig. 2D) , they never penetrate the storm−induced muddy beds into the underlying layer. In a few cases, the shell surface of the linguliforms examined here are overgrown with some small, rounded or oval organisms (Figs. 2E, 4B) , which may provide a direct support for an epifaunal life mode (see also Zhang et al. , 2008 Zhang et al. , 2010 .
Phylogenetic implications.-Previously, all well−defined re− cords of exceptional preservation of brachiopod soft anatomy were known exclusively from the Chengjiang Fauna and the majority of them only represented linguloid brachiopods. This paper is the first described record from outside of Chengjiang, and it provides another window into the morphology and char− acter evolution of the feeding organ in the oldest known possi− ble member of the Siphonotretida lineage.
It is beyond doubt that the lophophore revealed here is spirolophous, and the digestive tract depicted in Acantho− tretella decaius is U−shaped with an inferred anus. So far, there are at least five genera of lingulid brachiopods from the lower Cambrian of South China in which a U−shaped diges− tive tract with an anterior anus and a lophophore have been observed (Zhang et al. 2008 and reference therein; also see Balthasar and Butterfield 2009) . The lophophore and diges− tive tract in A. decaius have strong similarities with those found in the Chengjiang lingulids (Zhang et al. 2004a (Zhang et al. , 2006 (Zhang et al. , 2007a . The similarities in the configuration of the lopho− phore, the digestive tract and pedicle anatomy in Acantho− tretella to that of the lingulid lineage demonstrate that a spirolophous lophophore and a U−shaped gut are synplesio− morphies of lingulids and siphonotretids. It should be mentioned that the organisation of the lopho− phore in Heliomedusa orienta from the Chengjiang fauna is distinctive in that its paired lophophoral arms arched posteri− orly, a condition which is otherwise completely unknown from all fossil or living brachiopods (Williams et al. 2000) . Moreover, the posteriorly pointed lophophoral arms of Heliomedusa are not only fringed with laterofrontal tenta− cles, but also ciliated with short tentacles, presumably facili− tating transport of mucous−bound nutrient particles to the mouth. This brachiopod genus is therefore proposed as a brachiopod stem group (Zhang et al. 2009 ), together with the mickwitziids (Holmer and Popov 2007) . Together with ear− lier reports of lophophores in Cambrian brachiopods (Zhang et al. 2008 and reference therein), the material illustrated here, therefore, shows that lophophores of Cambrian brachi− opods, although morphologically diversified, are dominated by spirolophous forms.
The flattened preservation and the absence of evidence of brittle breakage indicate that the integuments were flexible and had a highly organic composition, with only a minor mineral component. The partial and uneven occurrence of the concentric growth lines on their surface may suggest varying rigidity of the shell and possibly that the mineral component was concentrated mainly to the primary layer. When compared to the linguliform brachiopods Diandongia and Eoobolus from the Guanshan fauna (ZZ unpublished data), shell valves of Acanthotretella decaius are comparably more flattened and deformed. However, the entire outline of the shell is invariably preserved in all specimens of A. decaius. In contrast, the valves of Acanthotretella spinosa from the Burgess Shale exhibit a different type of preserva− tion: the valves of the Burgess species are mostly preserved as a thin film that was seemingly softer and more easily de− formable than both the pedicle and the spine−like setae cover− ing the shell surface. In some specimens of A. spinosa from the Burgess Shale, most of the anterior part of the shell has been lost and only the pedicle and posterior sections of shell are well preserved (Holmer and Caron 2006: fig. 4A, E) .
The record of non−mineralised to poorly mineralised Cam− brian brachiopods is expanding (Jin et al. 2004; Holmer and Caron 2006; Zhang et al. 2007a Zhang et al. , c, 2008 2009) it is possible to regard the lack of mineralisation as a derived condition for the Brachiopoda. Similarly, the shell of the lower Cambrian Acanthotretella decaius show evidence of being comparatively more rigid and mineralised than the younger, middle Cambrian Acanthotretella spinosa, which is here interpreted as an example of secondary loss of minerali− sation (cf. Balthasar and Butterfield 2009) . This model would also be more consistent with the recent suggestions that the strongly organo−phosphatic tommotiids belong within the stem of the Brachiopoda, implying that this type of mineralisa− tion is primitive Holmer et al. 2002 Holmer et al. , 2008 Skovsted and Holmer 2003; Balthasar 2004 Balthasar , 2008 Skovsted et al. 2008 Skovsted et al. , 2009 ).
